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ABSTRACT

We have developed two types of infrared scene projectors for hardware-in-the-loop testing of thermal imaging cameras
such as those used by fire-fighters. In one, direct projection, images are projected directly into the camera. In the other,
indirect projection, images are projected onto a diffuse screen, which is then viewed by the camera. Both projectors use
a digital micromirror array as the spatial light modulator, in the form of a Micromirror Array Projection System (MAPS)
engine having resolution of 800 x 600 with mirrors on a 17 micrometer pitch, aluminum-coated mirrors, and a ZnSe
protective window. Fire-fighter cameras are often based upon uncooled microbolometer arrays and typically have
resolutions of 320 x 240 or lower. For direct projection, we use an argon-arc source, which provides spectral radiance
equivalent to a 10,000 Kelvin blackbody over the 7 micrometer to 14 micrometer wavelength range, to illuminate the
micromirror array. For indirect projection, an expanded 4 watt CO, laser beam at a wavelength of 10.6 micrometers
illuminates the micromirror array and the scene formed by the first-order diffracted light from the array is projected onto
a diffuse aluminum screen. In both projectors, a well-calibrated reference camera is used to provide non-uniformity
correction and brightness calibration of the projected scenes, and the fire-fighter cameras alternately view the same
scenes. In this paper, we compare the two methods for this application and report on our quantitative results. Indirect
projection has an advantage of being able to more easily fill the wide field of view of the fire-fighter cameras, which
typically is about 50 degrees. Direct projection more efficiently utilizes the available light, which will become important
in emerging multispectral and hyperspectral applications.
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1. INTRODUCTION

Infrared technology for fire fighting applications has matured to the point that most first responder organizations either
have purchased or are considering the purchase of one or more infrared thermal imaging cameras. Such cameras can
provide first responders with critical information to size up a fire incident, track fire growth, and to locate victims, other
first responders, and egress routes. For example, uncooled long-wavelength infrared (LWIR) cameras are capable of
seeing humans through dense smoke under certain conditions. However, these devices represent a significant investment,
typically on the order of $ 10,000 per camera, for first responders and there is currently little guidance on instrument
performance beyond manufacturer literature and recommendations from other users.' These issues are further
complicated because the demands placed on thermal-imaging cameras depend on the specific application. The end users
may have very different ideas about which imaging properties are most important: sharp image contrast may be
sufficient for some fire fighting applications, such as finding the source of a fire, but high thermal sensitivity may be
required to locate a person or structural component when flames and water are in the imager’s field of view. Currently,
there are no standardized performance guidelines available to aid end users in making purchasing decisions.

Over the past several years, the Fire Research Division at the National Institute of Standards and Technology (NIST) has
been conducting research on thermal imaging camera performance metrics and test methods with the overall objective of
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